The virulence of Shigella flexneri depends on the ability of the bacterium to enter the intestinal epithelium and survive therein (8, 9) . The requirement for penetration was proven by the avirulence of a spontaneous mutant which was unable to penetrate the host cell (H. Schneider and S. B. Formal, Bacteriol. Proc., p. 66, 1963). The evidence that survival in the gut is a genetic characteristic, independent of penetration, came from studies of an Escherichia coli-S. flexneri hybrid strain, X-16 (4) . This has incorporated the ara, rha, inal, and xyl loci from E. coli. The recombinant produces a short-lived abortive infection (6) . When administered orally to starved, opiumtreated guinea pigs, this organism penetrates the intestinal wall. In contrast to the virulent Shigella parent strain M-42-43, however, the hybrid does not cause a fatal infection. Like M-42-43, strain X-16 produces keratoconjuctivitis in the guinea pig eye and invades and multiplies within HeLa cells (8) . Bacterial counts on the small intestine and fluorescent-antibody studies showed that the hybrid was not able to maintain itself in the intestine as well as its virulent Shigella parent. In fact, during a 24-hour period, the total viable count in the epithelial cells and lamina propria of the small intestine dropped about four logarithmic units, whereas the virulent M-42-43 lost only 40% of its original titer during that period. It was shown also that, in vitro, the growth of the hybrid in Brain Heart Infusion broth exhibited a lag which was longer than that of its Shigella parent before the onset of logarithmic growth (6) .
Since the hybrid X-16 has not lost the ability to penetrate, one or more other functions neces-sary for virulence must be impaired in this strain.
We have investigated three alterations produced by this mating with E. coli, each of which could contribute to the attenuated virulence of the hybrid. They involve a faulty synthesis of methionine, a greatly increased sensitivity to sodium lauryl sulfate (2), and, finally, the relaxed control of ribonucleic acid (RNA) synthesis. This paper will be concerned with the acquisition of the "relaxed" (rel-) allele from the E. coli parent and its implications for the survival of the hybrid in the intestinal tract. 
RESULTS
The E. coli-Shigella hybrid strain X-16 can invade intestinal epithelial cells but apparently is unable to survive well in vivo (6) . In vitro growth studies comparing the growth rates of X-16 and the parent Shigella strain (M-42-43) in Brain Heart Infusion broth revealed little difference in the exponential growth rate. The results, however, indicated that the hybrid had a somewhat longer lag phase before entering exponential growth. This phenomenon was reinvestigated in minimal glucose media in an attempt to magnify the difference in lag periods. Under these conditions, both the E. coli parent (W-1895) and the hybrid have lag periods at least twice that of the parent Shigella flexneri strain (M-42-43) (Fig. 1) . Eventually the slower strains reach the same logarithmic growth rate as the Shigella strain.
The extended lag of the hybrid and the E. coli parent is characteristic of the long lag seen in the growth curves of organisms with relaxed control of RNA synthesis (3). Such organisms are characterized by two responses to a "stepdown," i.e., a shift from a rich medium to one relatively poor in amino acids. The first response is to continue the synthesis of RNA. This is in contrast to wild- Shigella-coli hybrid, X-16. Growth was measured in minimal salts medium with 0.2% glucose as a sole carbon source and the amino acid requirements necessary for each strain at a level of20 ,pg/ml (see Table 1 ). type strains, which have "stringent" control of RNA synthesis and cease making RNA upon a "stepdown" or starvation for a required amino acid. The second manifestation of the relaxed state is the very slow recovery from a shift to a poorer medium, resulting in an extended lag phase. Stringent strains, however, recover rapidly from such a shift down. The hybrid and parents thus were tested for their response to starvation for required amino acids to determine whether they exhibited a relaxed or stringent control of RNA-synthesis. Strain G103 is a tryptophanrequiring mutant of Shigella flexneri M-42-43. Starvation for tryptophan results in a loss of much of its ability to synthesize RNA when compared to the unstarved control ( Fig. 2A) , thus indicating that S. flexneri has a stringent control of RNA synthesis. To test RNA synthesis in the hybrid, a mutant auxotrophic for cysteine was obtained. The cysteine auxotroph continues synthesis of RNA on starvation and is thus relaxed (Fig. 2B) . The E. coli parent, W-1895, is a methionine auxotroph. It amino acid (Fig. 2C) . Thus, the hybrid has inherited its relaxed control of RNA (5, 7) . The long lag period of the hybrid in minimal medium has been demonstrated (Fig. 1) , and the hybrid shows a lag period, even in Brain Heart Infusion broth, which is long in contrast to that of its virulent Shigella parent (6) . The derangement of metabolism caused by the relaxed response is extensive and could leave the hybrid vulnerable to the host defenses. As discussed previously, the rel locus affects ribosomal protein synthesis and carbohydrate synthesis (3) .
The hybrid's reduced ability to synthesize methionine, causing a requirement for the amino acid for optimal growth (S. W. Rothman and L. M. Corwin, unpublished data), may act together with its relaxed control of RNA synthesis to cause its additional difficulty in surviving in vivo. In relaxed methionine-requiring strains of E. coli, the ribosomal and transfer RNA which accumulates during methionine starvation is methyldeficient because of the lack of S-adenosyl methionine, the methyl donor (1). In the absence of exogenous methionine, the hybrid might be so delayed in synthesizing methionine that it would build up a large store of nonfunctioning, submethylated ribosomal and transfer RNA.
